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14 Capacitors

Self Evaluation Exercise 14.2 . 63)
1. B

2. D
3. The charge stored in the capacitor is:
g=Cv
=(5x107%)(12)
=6x107°C
=60 uC

4. (a) Current is the rate of flow of charge per unit time.
Therefore, the charge stored by a constant current
is:

O=1It
=(2x107% x 20
=4x107°C
=40 uC
(b) The capacitance of a capacitor is defined as the
charge stored per unit voltage across it.
Therefore, the capacitance is:

.y

w

4%107°
20

2% 10°°F

=2 uF

5. To create 30 V potential difference across the capacitor,
certain amount of charge has to accumulate on the

capacitor. The amount of charge required is:
o=Cv
=(20 x 107%) x 30
=6x 10" C
And the time needed to accumulate the charges by
constant current of 10 mA is:

==
I

6x107™
10x1072
=0.06 s

Self Evaluation Exercise 14.3 (p. es)
1. A

2. (a) For two parallel plates with air as medium between
them, the capacitance is:

c= 54
d
20
8.85x107'%) x
_ ( : 100°
0.01
=177 x 1072 F

=1.77 pF
(b) For two parallel plates with dielectric of dielectric
constant (&) equals to 5, the capacitance becomes:
£¢€,4
d
=sC
5% (1.77 x 1073
=8.85x 1077 F
=8.85pF

cr=

3. The area of metal strip overlapped for storage of charge
is:
A=0.02x0.4
=8x 107 m
The capacitance for the paper capacitor is:
gy, 4
d
(8.85x1072)x 2 x (8x107)
0.002 +100
7.08 x 10° F
=7.08 nF

Q”

Self Evaluation Exercise 14.6 (. 75
1. B

2. (a) Equivalent capacitance (C)=C; + C,
=100+50
=150 4F

(b) Wehave Q=CV.
For the 100 4F capacitor:
Charge stored = (100 x 107%) x 12

=12x107°C
For the 50 4F capacitor:
Charge stored = (50 x 107%) x 12
=6.0x107"C

3. (a) (i) The capacitance of a conductor is defined as
the charge stored per unit voltage applied

across the capacitor, i.e. capacitance = W .
The unit for capacitance is farad (F). One farad
is the capacitance of a capacitor if the charge

on each of the plates of the capacitoris 1 C

_14 -

when a p.d. of 1 volt is applied across the
capacitor.
1F
+1C _ ~ -1C

- 1V —

(ii) Charges cannot flow into or out of a body
made of insulating material. This means it
cannot be used to store charges or supply
charges when required. Thus, the concept of
capacitance is inappropriate for a charged
body made of insulating material.

(b) (i) The capacitance of a metal sheet increases
when an earthed conductor is placed near it.
The presence of the earthed conductor reduces
the electric potential V" of the metal sheet.
Hence, from the equation:

_ e
; 14
when V decreases, the capacitance increases.
(i) The insertion of a dielectric between the metal
sheets further increases the capacitance. From

the equation:

£y, A

d
where A = area of the metal sheets,
d = separation between the metal sheets,
& = relative permittivity of the dielectric.
Since & > 1, the capacitance C of the capacitor
increases.

Anv O“:QA
11 ]

C=

QG

o Vo
+ —

The p.d. across C; and C, are the same, i.e. V.
Chargeon C; (Q))=C V
Charge on G, (O))=C, V

By conservation of charge, the amount of charge stored
in the first capacitor is equal to that stored in first and
second capacitors after connection.

Since they are connected in parallel, the voltages across
the first and second capacitors are the same (40 V). And
the equivalent capacitance is equal to the sum of the two
capacitances.

moo<
ll_Tto '

40V
O=Cin=(Ci+C) 1,
(2 x 107 x 200 = (2 x 107+ C,) x 40
C,=8x10°F
=8 uF

Self Evaluation Exercise 14.7 . 79

1. A
Since the equivalent capacitance is less than the original
one, the additional capacitor has to be connected in
series with the original capacitor.
Choice B, D are incorrect.

Choice A (correct)
1 1 1
e R
c 2 2
C=1uF
Choice C (incorrect)
1 1 1
=+
c 2 5
C=04 uF
2. D
Because the system is closed, . X B
after they are connected, the total - ““ —
charge in the system must be
unchanged.
And when the capacitor Y is * B
connected to the capacitor X, 1
charge on capacitor X 1]
redistributes and a certain amount Y

of charge moves to capacitor ¥
according to the capacitances.

The p.d. across X'is V'= s@l

C
After connection, same charge moves to capacitor Y, the
charge stored on capacitor X decreases, therefore p.d.
across capacitor X also decreases.

0

" C
Capacitance is constant, V' < Q, if Lri
Therefore, the total charge on both capacitors remains
unchanged but the p.d. across X decreases.
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3. (a) The capacitors are connected in series. Therefore,

the equivalent capacitance is:
1 1 1 1 1

= 4+ 4+
c ¢ ¢c, ¢ C,

1 1 1 1

= + + +

2x107%  2x107%  2x107®  2x107®
_ 4

2x107° 4.

C=5x10"F=0.5uF
(b) The capacitors are connected in parallel, the
equivalent capacitance is:
QHQ~+QN+QN,+Q»
=2x10°+2x10°+2x10°+2x 10
=42 x 107
=8x10°F
=8 uF
(¢) The arrangement is equivalent to two capacitors Cj,
and Cs4 connected in parallel.

OAM

= .
C, — _ C,
Om»
Ca=Cy4
1 1 1 1

|u|u +
Cn, Cy 2x107°  2x10°°
QGH Qﬁ =1x _Oloﬂ
=1 uF
The equivalent capacitance is:
C=Cp+Cyu=1x10°+1x10"°
=2x10°F
=2 uF
(d) The arrangement is equivalent to 3 capacitors, Cj,
Cy3 and C, connected in series.

C,

c, FI c,
-+ <. i
1]

G

Cu=0C+GC
=2x10%+2x10°
= 4x10°F=4 4F

~ 16 -

The equivalent capacitance is:
1 1 1 1

i S —
c ¢ Cy C,
1 1 1
= + +
2x107%  4x107®  2x107°
=1.25x%10°

C=08x10°F=08 uF

3uF 6 uF

il

9 uF

C=9+|—+—

3 6

=9+2
=11 uF

(@)

(®)

I il
11 ' it
2uF 2uF

For two identical capacitors connected in series, the
equivalent capacitance is halved.

C=1uF
And the charge stored in each capacitor is the same.
As the capacitor has the same capacitance, the
voltage across each capacitor is 10 V and the total
voltage is the sum of two voltages, which is 20 V.

e

20V

—

-~ 20V—»

The arrangement is equivalent to two series of
capacitors connected in parallel. As we calculated
in the above part, each series of capacitors has
equivalent capacitance of 1 £F. These two series
are connected in parallel, the equivalent
capacitance of the whole system is 1 u4F + 1 yF
=2 uF.

And the voltage across the capacitors connected in
parallel is the same. As we calculated before, the
upper series and lower series both use up 20 V. As
they are connected in parallel, the equivalent
voltage across the whole system is 20 V.

Chapter 14 Capacitors

6.

Self Evaluation Exercise 14.9 (. ss)

1.

(a) cQ

—
ATERETR

The equivalent capacitance is:

1 1 1
— = +
C  0.10x10° 020x10°°
1
C=— uF
15 4

As the capacitors are connected in series, the charge
stored on each capacitor is the same.

o=CcVv &
= %xs-m x 100 2.
15
20 3.
=== ,C
3 )
(b) 20 :
3 “C
il
1 4]
TSI“Y
I
wt
T
111

- <m:|1:V

Bt e
After they are connected in parallel, they store
20/3 uC.
Because they are connected in parallel, the voltage
across each capacitor is the same. Besides, the
equivalent capacitance is equal to the addition of
capacitance of two capacitors,
C=0.10 4F +0.20 F = 0.3 iF.
And by conservation of charge, the total charge
stored on the equivalent capacitor is 2 x 20/3 uC.
Therefore, the potential difference across the
capacitors is:

Nxm%xs-m 5.

0.30x107°
=444V

D

If the two positive plates are connected and the two
negative plates are connected, there will be no charge
cancellation. The total charge remains unchanged and
only redistribution of charge occurs. The connection is
in parallel.

—17 -

aal |
+ H
There is redistribution of charge to make the p.d. across
each capacitor equal to each other. When there is a flow
of charge, energy is required to overcome the repulsion
of like charge and resistance of wire.

Therefore, there is a decrease in energy but the charge
remains unchanged.

B
C

(a) The energy stored in the capacitor is:

E. = woi
2

= wco.o x 107)(500)>

=1.257
(b) To charge a capacitor to a p.d. of 500 V, the e.m.f.
of battery should be 500 V. The charge supplied by
the battery is equal to the charge stored on the
capacitor, which is:

o=cv
=(10.0 x 107%) x 500
=5%x10°C
(¢) The energy provided by the battery is:
mG = mﬂ\
= (5 x 10°) x 500
=25]

(d) The total heat dissipated in the resistance of the
connecting wire and battery is equal to the
difference between energy stored in capacitor and
the energy provided by battery.

.m,r - m.v - mo
=25-125
=1251]

(a) The charge stored on the 10.0 uF capacitor is:

o=Ccv
"= (10.0 x 107%) x 500
=5x10°C
When it is connected in parallel with a 40.0 uF
capacitor which is initially uncharged, there is
redistribution of charge from 10.0 4F capacitor to
40.0 uF.
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40.0 uF
The equivalent capacitance is:
C =10.0 uF +40.0 uF
=50.0 uF
The energy stored in capacitors before connection
is:

Loy
2

I

Mo | —

x (10.0 x 107%) x (500)*=1.25J

(b) In the redistribution of charge, the p.d. across
capacitor changes, so energy cannot be calculated

by equation W crA,

Only when the charge remains unchanged, the total
energy stored in the capacitor after connection is:

1 0’

2 C
Lox100y
2 50.0x107°

0251

Although the total energy stored in capacitors
before and after connection are different, the energy
in the process still conserved. The difference in
energy, 1.00 J, is dissipated as heat in connecting
wires because wires has resistance.

i

6. (a) Because the capacitor is charged by connecting it to
a battery of e.m.f. 200 V, the final p.d. across the
capacitor is also 200 V.

The charge on the capacitor is:

0=CV
=(5%x107"% x 200
=1x107C

(b) () As there is no charge loss, the amount of
charge remains unchanged. Therefore, by
conservation of charge, the p.d. across the
capacitor is:

O=CV=C'V’
[x107=1x10"p"
V'=1000V

(ii) The work done against electric field is the
difference between energy stored before and
after the adjustment.

— W Qﬂ\qm |W Gxﬁ\\m
2 2

I

w (5 x 1079% 200* = 1 x 107'x 1 000%)

4x107°7

7. (a) When switch S is closed, the two capacitors are
being charged. They are connected in parallel,
therefore the p.d. across them are the same, and it is
equal to V5. The total energy stored is:

S Gl Gl
= CoVy?
(b) (i) When the switch is opened, the two capacitors
are isolated from the battery. Thus, the total
charge on the capacitors remains unchanged.

Therefore, the resulting p.d. ¥’ across the
capacitors is:

0=2CVy = 9+w9 v
5
NQOH\O = |QOH\<
4
8
V= wﬂ\o
=1.60 7,

(i) The work done is equal to the difference in
energy stored before and after the adjustment.
Before reducing capacitance:

Energy = w crt= ws@ Vo' =GV’
After reducing capacitance:

Energy = W cv’?

1(5 8
=—|=C, ||=V
214 (5"
=1.6 CVy’
The work done is:
W=1.6 CoV: — CoVy
=0.6 Qoﬂ\om

8. (a) (i) Charge stored on one plate of the capacitor,
0=CV
= (200 x 107)(30) =0.006 0 C
(ii) Energy stored by the capacitor,

E= w@\n w (0.006 0)(30) = 0.090 J

(b) () The total charge on the capacitors will have
the same value before and after connection.
(i) The p.d. across each capacitor will be the same
after the connection.

- 18 -

(c) Total capacitance of capacitors in parallel
C=200x10°+100x 10°=300x 10°F
P.d. across capacitors,
0 0.006 0

Total energy stored,

= wmwu w (0.006 0)(20) = 0.060 J

9. (a) The electric potential at a point in an electric field is
defined as the work done in bringing a unit positive
charge from infinity to the point.

® @ -2
4dre,r
0
i) C= 2
(iiii) Sub (i) into (ii):
C= m@mﬁ = dgyr

(¢) () Capacitance of the sphere,
C = 4zeyr = 47(8.85 x 107)(0.15)
=1.67x 107 uF
(ii) Energy stored on the sphere,
2
-1 2
C

2

1 (2.0x107%)?
2 1.668x107"
0.120 ]

Il

Self Evaluation Exercise 14.10 ¢. o1

1. D
At the beginning of charging, the capacitor has no charge
on it. It can be treated as a conductor. Thus, the current in
H\o
R
And as time goes by, charge accumulates on the
capacitor. Potential is built up across capacitor and
against the e.m.f. of the battery. Therefore, current starts
to decrease as follows:

the circuit is the highest: /;=

t
N = .No e CR
It is an exponential decay. Only graph of choice D shows
this characteristics.

2. B
When the switch is closed, we can treat the capacitor as a
conductor and the initial current in the circuit is:

Iy= 2

II
B
X
—_
<

©
>

1uF 1 MQ
Just after the switch is closed, we can treat the capacitor
as a part of wire. So the current is:
vV
R
100

”%HHXMOLB»
X

N”

B

The time constant is equal to:
7=CR

And the equivalent resistance

1 1 1
B i T
R 3x10 3x10
R=21x10°Q
Therefore, the time constant is:
7=(5 x 10 x (2.1 x 10%)
=105s

It

B
The capacitor is charged by a constant current. Thus, the
charge on the capacitor with respect to time is equal to

O=1I
t
(not Q= Qo| | _ cr |, because the e.m.f. of battery is

not fixed, it increases with time to keep constant current
in the circuit.)
To make the p.d. across the capacitor reach 200 V, the
charge on capacitor is:
Q=CrV
=(20 x10°%)x300=6x 10" C
Therefore, the time taken is:

0 6x107°
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9. (a) (i) ‘A capacitance of 100 gF’ meant that a charge
of 100 C will be stored per unit volt of p.d.
applied across the capacitor.

(ii) Charge stored with p.d. of 20 V
Q=CV
= (100 x 107)(20) = 0.002 0 C
(iii) Maximum charge which may be stored
= charge stored at marked 20 V
=0.0020C
(iv) Energy stored in the capacitor

1
E=—QV
;@

= W (0.002 0)(20)=0.0201J

(b) Ifap.d. greater than the marked voltage is applied,
insulation between the plates may breakdown and
allow current to flow.

(© () Immediately after the switch is closed, voltage

across capacitor is zero, and
Vou = supply voltage =6 V

(ii) After a long time, the capacitor would be fully
charged, current would be zero, and V= 0.

Self Evaluation Exercise 14.11 . 101

1. D
The reading @1is proportional to the magnitude of
parameter it measured.
In Circuit 1, the capacitor is initially charged. When the
switch is closed, the capacitor starts to discharge. A,
measures the current in the circuit, V, measures the
voltage across the capacitor, V, measures the voltage
across the resistor.

For discharging through a constant resistor:
t t

I=Ie @R Vo=Vye R
Vo
o
A, v
0 » 0 >
Ve =IR
t
”Nowm CR
-t
“w\om CR

~20-

» |

0

In circuit 2, the capacitor is being charged, A, measures
current in the circuit, ¥, measures voltage across

capacitor. For charging via a constant resistance:
- ,

t
I=Ie R Ve=Vo(l—e ®)

A, Vs

i » |

0 0

Therefore, only the graph for V3 matches the graph
shown in question.

D

The time constant of a circuit is the time equal to CR.
And when a capacitor discharges, the charge Q on the
capacitor follows:

O=Qpe R

CR
When one time constant passes, Q= Qg e <&
=0’
_ 1
0=0 —
e
. . . | S
Therefore, the time constant is the time after — of initial
e
charge is left on the capacitor.
A
The time taken for p.d. across a charged capacitor to
Vs . .
decrease from V; to m is two time constants.
o2
b
ﬂ\” ﬁ\om CR

CR
t =2CR
10=2x2x10%C
C=25%10°F

=2.5 uF

A

Time constant of a circuit is the time needed for the
current to fall from /; to ) (0.369 1) during
e

discharging. Therefore, by measuring current with
respect to time, we can find the time constant.
First we set up the apparatus as follows:

SN

S, s,

= ° ®)

R

- | S——

Second, close switch Sy to charge the capacitor. Then
open S and close S, for discharging. Because the time
constant is CR = (10 x 107%) x (10 x 10 = 100 s. We
choose to record the ammeter reading every 15 s.
Finally, plot the graph of I against z. The time constant is
the time for 7 to reach 0.369 I,

Review Exercise 14 (. 105)

1.

2.

Structured
Cluestions

[,
%

The capacitance of a plate capacitor is:

g€, 4

4

(2.5)(8.85x10712)(0.02 x 0.4)
0.003x 107>

59%x107°F

C=

The energy provided by discharge of capacitor is:
Energy = Mean power x Time
=2 000 x 0.040
=801J
And it is equal to the energy stored in the capacitor.

1
Energy= 5 cr?

80= w C(1 000y

C=1.6x10"*F
=160 uF

3. (a) (i) The charge stored on the capacitor is:

o=CV
= (3.0 x 107 x 800
=24x107C
The energy supplied by the battery is the total
energy of charge Q.
Energy = OV
=(2.4 x 107) x 800
=1927J
(i) The energy stored in the capacitor is:
Energy = W cv?
- .w (3.0 x 107)(800y’
=0.967
(iii) The difference in energy is:
AE=192-0.96
=096

It is used to overcome the resistance of the
wire when a current flows through the wire.
The energy is dissipated as heat in the wire.
(b) (i) The charge still stored on the capacitor at
200V is:
o=CvV
=(3.0 x 107 x 200
=6x107C
And the charge flows through the tube is equal
to the net charge stored at 800 V and 200 V.
AQ=24x10"-6x 107
=1.8x107C
(ii) The energy stored in capacitors at 200 V is:

Energy = W cr?

= w (3.0 x 107%(200)

=0.067
Therefore, the energy dissipated by the
capacitor is equal to the difference of energy
before and after connecting to the tube.
AEnergy = 0.96 —0.06
=0.9017J

4. For each swing of the bob, 10% of the total charge
remains on the plates of the capacitor.
Therefore, after five swings, the charge on capacitor is:
0=(0.9 Qg
=0.59049 Qg (Qp— initial total charge on
capacitor)

21—
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1

The p.d. across the capacitor after five swings is:

po Q05080 (0, o
C C C
=0.590 49 V,
=0.590 49 x 20
=11.8098V

5. (a) Assume that the capacitor is fully charged, the p.d.
across the capacitor should be equal to the e.m.f. of
battery, which is 10 V.
o=Ccrv

=2x10%x 10

=2x107C

=20 uC

(b) This is discharging via a constant resistor. The
charge on the capacitor follows this equation.

After 8 s,

{
0=0pe R
8
=2 x S&v X e (2x107%)x(2x10°%)
=271x10°C
=271 uC

6. (a) battery

-1

At time = 0, the capacitor can be treated as part of
the wire. The p.d. of the battery is:
V=1IR
= (100 x 107%) x (1 x 10°%)
=100V

(b)

;

0:60 70 8090

1
FE

Time constant 7 is the time taken for current in the

circuit to fall from Iy (100 A) to I, (0369 I,)
e

=369 uA
From the graph, the time is about 20 s.
As r =CR
20 = C (1 x 109
C=2x10"F
=20 uF

7. Because the current was kept constant, the charge passed
through the circuit is:
o=1I
= (40 x 107%) x 40
=1.6x107C
And it is equal to the charge left from the capacitor. The
p.d. across the capacitor fell is then:

y 0
C

I

1.6x1073
10x1076
160V

It

8. (a) (1) The capacitance of a capacitor is the charge Q
stored on the capacitor per unit voltage across
it.

(ii) The capacitance of a conductor is the ratio of
charge O on the conductor to the potential of
the conductor.

)
|14

_22_

(b) The capacitance is:
£,6,4
d

(¢) The resistivity of an insulator is p, then the
resistance is:

C=

R l
P4
The time constant is defined as 7= CR. Because the
process is the self-discharge of the capacitor, the
components of time constant are the resistance and
capacitance of the capacitor. Thus, area 4 in the two
terms are the same and £ = d,

£y, 4 { e
d )T

(d) After disconnection, the paper capacitor would
undergo self-discharge. By the expression obtained
in part (¢), the time constant for paper conductor is:

T=& &P
=(8.85x 107%) x 3.7 x (1.0 x 10'%)
=0.32745s
If the time equals a time constant, charge decreases

CR=

from initial value of Qg to M o, which is equal to
e

0.369 Q.
(i) After0.33s,
t=r
The fraction of charge remains on the
capacitor is 0.369.
(i) After2.0s,

7

0=0 er
2z
=Qpe 03
=2.33x107 0y
The fraction of charge remained is 2.33 x
107

9. A gold leaf electroscope can be used to compare the
potential of different systems. The deflected angle &is
proportional to the potential. So @ increases if potential
increases.

(a) Ifthe plates are placed closer, the capacitance of the
capacitor increases:

&4

d

Asdi,Cc?

And the charge on the plates of capacitor remains

unchanged. So the voltage across the capacitor

decreases as capacitance increases.

-9
C
Asct, vl

Therefore, the deflected angle & decreases.

C=

(b) When a piece of insulator is inserted between the
plates, the permittivity of the medium between the
plates increases. And

Cr= ed _ 8§64
d d
Ase> g, C'>C
=C?
The charge on the capacitor remains unchanged. As
the capacitance increases, the voltage across the
capacitance decreases.

AsCcT vl
Therefore, the deflected angle 6 decreases.

(¢) When a metal plate is inserted between the plates
but not touching any plate, it will be served as part
of the capacitor.

The inserted metal plate has negligible thickness, so
the capacitance after insertion is:

Cc” = Am.o AN,\AV

Q\\ V Q

The charge on the capacitor remains unchanged.
Then, the voltage across the capacitor decreases as
the capacitance increases.

AscT i
Therefore, the deflected angle € decreases.

10. (a) (i) Capacitance is a measure of how much charge
must be put on the capacitor to produce a
certain potential difference across it. In the
other words, the capacitance of a capacitor is
the charge stored per unit voltage across it.

_2
-

(i) Farad is the SI unit of capacitance. It is
coulomb per volt.

(iii) Dielectric constant is a characteristic of
material. If the space between the plates of a
capacitor is completely filled with a dielectric
material, the capacitance is increased by a

factor &, it is the dielectric constant.

—23-
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(b) The energy dE stored in a capacitor by storing a
small amount of charge dg on the plates of a
capacitor at voltage V'is: dE = Vg

And the p.d. Vis L

C
q
dE = = d,
c q
Total energy E stored by total of O charge is:
1 1 ©0?
mn Qm. = & = — & =
JaE =~ Fadg = — - =

(¢) (i) & (ii) Because there are four 100 V batteries, we
can verify the e.m.f. of batteries to make
the p.d. across 4 and B be the value we
want.

We only need to consider the combination
of capacitors to make equivalent
capacitance as we want and prevent the
voltage across capacitor to exceed its max.

1. 2F 2F

i

A B
0\0

100 V

The equivalent capacitance is:
1_fL + L 1F
C 2 2
1 a1 2
Energy stored = 3 cre= 5 (1)(100)

=50007
Voltage across each capacitor is 50 V.

MLTI_TLTLTJ
S | W

A B
) O
400V

The equivalent omcmo:muo.m is:

-1
c=2 M+M+H+M =1F
2 2 2 2

Energy stored = W CV= W (1)(400)>

=8x10*7J
Voltage across each capacitor is 100 V.

TII
s | |

ﬁI_l

A B
300V
The equivalent capacitance is:
-1
C=3 L + 1 + ) - 2F
2 2 2

Energy stored = w cr = w (2)(300)

=9x10*J
Voltage across each capacitor is 100 V.

11. (a) The total energy stored in the 10 capacitors is:

Energy = 10 x W. cr?

~ 10 w % (500 x 107 x (150)?
=562517
The total charge supplied by the battery is equal to
the total charge stored on the 10 capacitors.
o=10CV
=10 x (500 x 107%) x 150
=0.75C

(b) 10 capacitors

50x10°Q

The p.d. across each capacitor is 150 V. As the 10
capacitors are connected in series, the p.d. across 4
and B is the sum of p.d. across the 10 capacitors.

V=10x150=1500V
The equivalent capacitance is:
v
500x10°°

=5x 107°F

-1

C=]10x

— 24 _

12. (a)

(i) The initial current is simply:
=7
R

_ 1500
5.0x107

=3x10"A
(i) The total charge through the resistor is equal to
the total charge stored on the capacitors. Every
charge passes through the resistor to
discharge.
Total charge through resistor is:
o=CV
=(5x 107) x 1500
=0.075C
=75%x 107 C
(iii) By the conservation of energy, the total heat
produced in the resistor is equal to the energy
stored in the 10 capacitors.
The total heat is:

Energy = W. cr?

w (5 x 107)(1 500)°

56.251]

(iv) The energy is conserved in this case. The
electric energy stored in the electric field
between the plates of capacitors is converted
into heat. It is because there is resistance,
when a current passes through, work done is
needed to overcome resistance and heat is then
produced.

The trace shown on screen of CRO represents the
p.d. across the capacitor.

When the switch S is opened and the ball is
released, the ball is moving towards the bat but is
still in the air. The circuit is not closed, therefore no
discharge occurs. The p.d. remains unchanged and
is at 6.0 V. This explains the shape of the first part
of the trace.

When the ball is in contact with the bat, the circuit
is closed. The capacitor discharges through the

resistor. The p.d. across the capacitor follows:
t

V= w\ow CR
The p.d. decays exponentially with time. This
explains the exponential decay curve of the trace.
When the ball rebounces, the circuit is opened
again. The discharge stops and therefore the p.d.
across the capacitor remains uncharged.

1

. i
1 Ballis
. t
in contact
with X
1

1

1

]

]

Ball is
in air 7|

bat

Ball rebounds

|
!
|
|
1
|
{
|
I
|
|
L

L -
-

(b) (i) In the initial stage, the reading of CRO is 6
divisions. As the sensitivity is 1.0 V per
division, the initial p.d. across the capacitor
=6x1.0=6V
Similarly, in the final stage, the reading is 1.75
divisions. Therefore, the final p.d. across the
capacitor is 1.75 V.

The rate is:

1D 0292
6.00

(ii) By the relation between initial p.d. and final
p.d. across the capacitor during discharge, we
can calculate the time of contact as follows:

t
V= ﬂ\o e CR
!
175 _ 6 o U22I09)x20x10%)
t
2.4x1073

t=296x10"s

In0.292 = -

13. (a) When the potential is increased, the top plate is
charged positively and the bottom plate is charged
negatively.

+ 4+ + + + +

There is electric field between the two plates. And
the attractive force between positive charges and
negative charges decreases the separation between
the plates. .

(b) By the definition of capacitance:

o=CVv
And the capacitance of the parallel plates capacitor
is equal to:

— 25—
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Therefore, the force F is:

s
2d
cv?
- ©Q=CP)
2
A
Hﬁﬁl AQHP
2d d

Because the copper plate is held by four springs, the
attraction force is shared by four springs. The force
acting on each spring is:

F g dAV?
4 8d
By Hooke’s Law, the extra extension of each spring
is: :
F=kx
&AV
8d
g, AV?
x =027
8kd

(¢) (1) The potential difference between plates has a
sinusoidal waveform because the p.d. supplied
across the plates is:

V="V, sin ot
pd/V
A

Vot

» t/s

(i) Because the frequency of a.c. is much less than
the natural frequency, the oscillation is a
damped oscillation by a driving force. The
extension will not increase continuously.
There is a limit of extra extension.

Based on the answer we obtained in part (b),
the extra extension is:

g, AV?

8kd
o V2
o Vol sin® wt

X =

- 26—

E AV?
8kd
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QOverseas & HKALE

(a) The capacitance of a capacitor is the ratio of the
electric charge stored on it to the potential
difference across it.

(b) (i) The graph shown represents the charging of

the capacitor.
(ii) From the graph, em.f. E=9.0V

15. (a) The capacitance of a capacitor is the ratio of the

electric charge stored on it to the potential
difference across it.
The farad is a unit of capacitance and is defined as
coulomb per volt.
(b) (i) From Fig. (b),
(1) atr=10.0s,/1p=1.46 mA
(2) atr=30.0s, 5,=0.78 mA
(ii) Since there is no external e.m.f., p.d. across
capacitor = p.d. across R
® Vie=LoR
=(1.46 x 107)(20 x 10} =29.2V
(2) Vao=LoR
=(0.78 x 107)(20 x 10*)=15.6 V
(iii) For a variable current /, the charge flowed,
AQ = average current x time interval

4

WS_ + I0)(30.0 — 10.0)

I

w (1.46 +0.78) x 107 (20.0)

0.0224C=224mC
(iv) Estimated capacitance,

C= A0
Q\_o - N\wov
00224
©(29.2-15.6)
=0.001 647 F = 1 650 uF

16. (a) (i) Sketch 2 capacitors connected in series.

10 uF 10 uF

———

(i) Sketch 2 in-series capacitors connected in
parallel with a single capacitor.

10uF 10uF
| I
1] 1

10 uF
il
H

b @® C=

G) C==<=0=cv

<0 =

1 1 1 s
= —QV=— (CV)V==CV
2 NV

(¢) Let Wy=energy of fully charged capacitor
W = minimum energy of capacitor
Vy = voltage of fully charged capacitor
V' = minimum voltage of capacitor
1

W= 5 CV? =Wo 1?

wo (vY 7\

= —| ie.0.80=|—

w‘\w‘\o V<o ~\o
L. J0.80 =0.894

g

17. (a) Charge on capacitor
o=Cr

=220x 10°x 6.0
=132x10°=13x10"C

(b) Energy stored on capacitor
= WQ\M = w x 220 x 107 x (6.0)
=3.96x10°=4.0x 1077

(¢) () Draw tangent at origin as dashed line on

Fig. (a).

viv

O~ N s o

10
Time /s

(i) Initial rate = tangent at origin
time constant=#at /= 6.0 V on tangent
From the tangent on Fig. (a),
atV=60V,t=55s

Time constant = 5.5 s

(iii) Time constant = CR

55=220x10°xR
R=25%10°=25kQ

18. (a) (i) Sketch variation of charge with potential:

Charge

0 -
0 Potential

(ii) 1. The capacitance of a capacitor is the ratio

of the electric charge stored on it to the

potential difference across it.

2. The energy E stored in the capacitor is the
work done W to store the charge O on the
capacitor at the applied p.d. 7, and is
given by:

E =work done W to store charge on capacitor
= average applied p.d. ¥ x charge Q moved
= area under V-Q graph

As the V-0 graph is a straight line through

the origin, the area under the graph is a

right-angle triangle (area = W OV) and the
energy £ stored is given by:

E=Ww= W oV
Since Q = CV, it is equivalent to:

1 I s
E=W=— (CVYV==CV
MA " 2

(b) (i) 1. Capacitance of the arrangements

] ]
= +
T 1 1 1
c'c ¢'¢
] 1
- + =50 4F
1 1 1 1 #

50 50 50 50
2. One advantage of this arrangement is that
the potential difference across each
capacitor would be lower, rendering them
safer to handle.
The magnitude of the force on a nucleus will
be much bigger than the force on an electron.
The force on a nucleus is in the direction of the
electric field while the force on an electron is
in the opposite direction.
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(iii) When the potential difference across the tube © () Vr=IR
is sufficiently large, the electric field created =(1.8x 10°%)(2.0 x 105 =3.6 V
will produce forces strong enough to ionise the @) E=Ve+ TR
xenon gas atoms, i.e. separate some electrons Ve=E-Vy=60-3.6=24V
from the gas atoms. The movement of the (i) g=CV
resulting charge carriers to opposite electrodes = (14 x 107)(2.4)
constitute the current. =336x%x10°=34x%x10°C
(iv) 1. Energy dissipated 1
= 63% of energy stored in all capacitors (iv) Ec= 54 4
—0.63x Lcp?

2 wa.wm x 107)(2.4)

4.032x10°=4.0x 1077
(d) (@) 1. Fully charged, charge on capacitor,

Il

= 0.63 Wao X 1079)(540)?

=4.593=467 . 0=CV=(14x10°)(6.0)=8.4 x 107 (
2. LetVi= @Q across each capacitor Assuming that charge Q remains consta
HEB&ES;\ after the flash of during the reduction in capacitance, new
. light . p.d. across the 5.0 4F capacitor,
Energy in each capacitor, 8.4% 105
E, = MQW,\N M\«E@E”l@'”rXImv
=5 h C  (5.0x107°)
It is also given by: =168=17V
1 i 2. New energy stored,
E; = — x37% of energy stored in all 1 1
4 : m.:né = = mv‘nmé = —= AwA, X NOIwVAHQMV
capacitors 2 2
1 1 =7.06 x 10*=7.1x10"*]J
=—(037)=CPV
- MA : VM - (i) With the same charge (Q), the capacitance o
Equating E:: the capacitor (C = Q ) can only be reduced 1

14

increasing the p.d. (¥) across it.

1 1 P.d. between 2 points is the amount of

Vii= - (0.37) == (0.37)(540)> electrical energy converted into other forms

4 4 energy per unit charge moved across the

=26973 points. Therefore, energy must be supplied t:

Vi= 4206973 =1642=160V the capacitor to increase the p.d. across it.

Conservation of energy implies that the energ

supplied to increase the p.d. must be convertc

into energy stored on the capacitor.

1 CVi= 1 e.udw cr?
2 4 2

19. (a) (i) The capacitance C of a capacitor is the ratio of
the electric charge Q stored on it to the
potential difference 7 across it.

(ii) The resistance R of a resistor is the ratio of the
potential difference ¥ across it to the current /
flowing through it.

(b) (i) When the switch is closed, there is no charge
on the capacitor and the applied voltage causes
charges to be stored on the capacitor. The flow
of charges to the capacitor constitutes the
current in the circuit and the resistor.

(i) 1. Kirchhoff’s 2nd law = E =V + Iz
2. Astincreases, the amount of charges on

the capacitor increases and so the p.d. V¢
across the capacitor increases.

From the equation £ = V. + V3, a constant
E and an increasing V implies a
decreasing ¥V and so the current in the
resistor and the circuit decreases.

20. - 22. HKALE Questions
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